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Abstrak 
Permintaan gipsum di Indonesia berasal dari produksi dalam negeri dan impor 
luar negeri. Namun produksi gipsum di negeri ini masih belum cukup untuk 
memenuhi permintaan gipsum di Indonesia. Hal ini terjadi karena meningkatnya 
permintaan semen termasuk wallboard sebagai bahan bangunan. Sehingga, 
dengan pendirian pabrik gipsum berkapasitas 150.000 ton/tahun bisa memenuhi 
permintaan gipsum dan menjadi pemasukan untuk Indonesia. Pada perancangan 
pabrik ini, gipsum yang diperoleh dari batu kapur direaksikan dengan asam sulfat 
encer 50% massa pada Tubular Tank Reactor (RATB). Kondisi operasi pada 
reactor yakni suhu 95°C dan tekanan 1 atm dengan perbandingan berat antara batu 
kapur dan asam sulfat adalah 1:1 dalam kilogram dan konversi 90% pada waktu 
tinggal 0,589 jam reaksi. Produksi gipsum (92%) sebesar 18.939,394 kg/jam 
membutuhkan bahan baku batu kapur 11.324.314 kg/jam dan 10.348,097 kg/jam 
asam sulfat. Produk yang dihasilkan dari reaktor kemudian dimasukkan ke dalam 
separator dan resize reduction untuk menghilangkan impuritasnya dan 
memperoleh ukuran produk yang sama seperti rotary drum filter, rotary dryer, 
ball mill and vibrating screen. Pabrik ini direncanakan di kota Indarung tahun 
2020 dengan luas area 50.000 m2 dan 220 karyawan. Pabrik gipsum menggunakan 
modal investasi sebesar Rp 1.194.144.151.670,040 dan biaya produksi Rp 
740.273.364.660,05. Dari analisa ekonomi, pabrik ini menunjukkan laba sebelum 
dan sesudah pajak sebesar Rp 780.529.055.232 dan Rp 546.370.338.662. Return 
on Investment (ROI) sebelum dan sesudah pajak adalah 65% dan 46%. Pay Out 
Time (POT) sebelum dan sesudah pajak selama 1,33 tahun dan 1,79 tahun. Break 
Even Point (BEP) sebesar 49,97%, Shut Down Point (SDP) sebesar 34,48%, 
Internal Ret Return (i) diperoleh sebesar 43%. Menurut analisis ekonomi kita 
dapat menyimpulkan bahwa pabrik ini bias dididirikan. 
 




Gypsum demand in Indonesia came from domestic production and imported from 
abroad. But gypsum production in this country is still not sufficient to gain the 
demand of gypsum in Indonesia. This happen because the increasing of demand 
for cement including wallboard as building material. So that, with the 
establishment of gypsum plant with a capacity 150,000 tons/year can fulfil 
demand of gypsum and make incame to Indonesia. In this plant design, gypsum 
obtained from limestone reacted with dilute sulfuric acid 50% of weight in 
Tubular Tank Reactor (RATB). The operation condition of reactor at 95 °C of 
tempertature and pressure at 1 atm with weight ratio between the limestone and 
sulfuric acid are 1:1 in kilograms and conversion is 90% at 0.589 hours of 
residence time of reaction.  Production of gypsum (92%) as 18,939.394 kg/hours 
needs raw material limestone as 11, 324.314 kg/hours and 10,348.097 kg/hours of 
sulfuric acid. The resulting product from reactor then inserted into separator and 
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resize equipment’s to remove its impurity and obtained the same size of product 
such as rotary drum vacuum filter, rotary dryer, ball mill and vibrating screen. 
This plant is planed at Indarung city 2020 year with large of area 50,000 m2 and 
need 220 of employee’s. Plant of gypsum used fix capital invesment Rp 
1,194,144,151,670.040 and manufacturing cost as Rp 740,273,364,660.05. From 
economic analysis this plant shows profit before and after tax are Rp 
780,529,055,232 and Rp 546,370,338,662. Return on Investment (ROI) before 
and after tax are 65% and 46%. Pay Out Time (POT) before and after tax during 
1.33 year and 1.79 year. Break Even Point (BEP) as 49.97%, Shut Down Point 
(SDP) as 34.48%, Internal Ret Return (i) obtained as 43%. According to the 
economic analysis we can resume that this plant is apropriate to esthablished.  
 




1.1. Background of Plant Design 
As a developing country, Indonesia has many development in all of 
fields (Manan, 2009). One of the development is industry chemical industry. 
In Indonesia development of chemical industry was growing rapidly. This 
condition influence to plant of chemical industry. The industry is not only 
required to fill up a domestic demand, but further export abroad oriented 
(Sutarni, 2009). One example is calcium sulfate dehydrate or poeple said this 
“Gypsum”.  
Gypsum demand in Indonesia came from domestic production and 
imported from abroad. But gypsum production in this country was still not 
sufficient to gain the demand of gypsum in Indonesia. This condition happens 
because the increasing of physical development in Indonesia like demand of 
cement including wallboard  as building material (Sriyono, 2006). 
The purpose to design of this plant are: 
a. Can gain the demand of gypsum in the country so that imports 
can be reduced and if the excess can be exported. 
b. Can expect to enhance the knowledge, abilities and skills so as to 
reduce dependence on foreign labor. 





1.2. Selection of Plant Capacity 
The capacity of plant is main important factor to establishment of 
plant because it will affect to the technical and economic calculations. 
Although in theory the larger of plant capacity possible to make profit will be 
even greater. But in the determination of the capacity, necessary to consider 
other factors, namely: 
1.2.1. The Projection of Import Gypsum Demand. 
Gypsum consumption is expected to increase of years. 
Based on the data demand import of gypsum from the BPS and the 
gypsum plant in Indonesia, the gypsum requirement is as follow: 
a. The Import of Gypsum Demand in Indonesia 
                        Table 1. The Import of Gypsum Demand 
No Year Capacity (Tons/Year) 
1 2004 991,296 
2 2005 962,282 
3 2006 1,008,425.80 
4 2007 1,188,047.68 
5 2008 1,326,157.12 
6 2009 962,723.19 
7 2010 1,162,038.86 
8 2011 1,533,424.50 
9 2012 1,843,285.63 
10 2013 1,966,207.01 
11 2014 2,017,705.83 







                   Figure 1.Import of Gypsum Demand 
From the data of gypsum demand in Indonesia at the 
table above, will be obtained by the equation: y = mx + c 
when from the graph 


























I M P O R T  O F  G Y P S U M  D E M A N D
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     y = the capacity of gypsum  = 82.795x -2E+08 
x = different of year 
m = gradient = 82.795, c = -2E+08 
So, that can be calculated the amount of gypsum demand in 
Indonesia at 2030 year = 2,897,817 tons/year. 
b. The List of Gypsum Plant 
The gypsum plant which has been established in Indonesia 
are PT Smelthing Gresik, East Java about 270,000, PT 
Siam Gypsum Cibitung, West Java about 36,000, and PT 
Tidar Jaya Magelang, Central Java about 200,000 
tons/year. While in the abroad with production capacity 
(tons/year) are Ukraina State reached 40,000, Algeria 
Country about 150,000 and Saudi Arabia reached until 
400,000. 
1.2.2. The Price Comparation 
 From the source of raw material and product, we can get : 







1.2.3. Availability of Raw Materials 
The raw material to produce of gypsum (calcium sulfate 
dihydrate) are limestone and sulfuric acid. Limestone is a raw 
material obtained from PT. Bukit Batu Semesta that located at 
Payukumbuh, West of Sumatra.  
The production capacity of this plant are 2,500-3,500 
tons/month with large 100 hectares of mine area  from PT. Bukit 
Batu Semesta, 2015. While the sulfuric acid obtained from PT. 
Mahkota Indonesia that located in Pulo Gadung-Kelapa of 
No Type  Material Price ($/tons) 
1 Raw 
Material 
Limestone 80.63 (PT.Bukit Batu Semesta) 
Sulfuric Acid 147.25 (PT.Mahkota) 
Sodium Hydroxide 195 (Alibaba.com) 
2 Product Gypsum  650 (Alibaba.com) 
Sodium Carbonate  250 (Alibaba.com) 
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Gading, North of Jakarta production capacity of 600,000 
tons/year. 
Based on the data availability of raw materials, gypsum demand at 
The Central Bureau of Statistics (BPS), comparation of raw material and 
product, and plant capacity that have operated in Indonesia, so gypsum 
(calcium sulfate dehydrate) plant using limestone and sulfuric acid will be built 
at 2020 of year with capacity of 150,000 tons/year. 
 
2. METHODE OF PRODUCTION 
2.1. Process Concept 
Formation reaction of calcium sulfate dehydrate (gypsum): 
     CaCO3(s) + H2SO4(l) + H2O(l)  →
− atmC 1'9533,93 0
CaSO4.2H2O(s) + CO2(g) 
The phase of  reaction in the reactor is a solid-liquid phase and solids 
are known will be shrink from the size of 127 microns (200 mesh) to 50 
microns after the reaction (US Patents 6,613,141 B2) then use the reaction 






Figure 2. Shrinking Spherical Particles 
There are three conditions with this mechanism of reaction rate: 
a. Diffusion of gas film particle to B 
b. Ash condition of particle shrinking 
c. Chemical surface reaction 
           r.tot   = r diffusion + r ash condition + r chemical reaction 
• r of chemical surface reaction = -rA = dCA = k.CA.CB 
                   dt 
              CB is constant, so reaction assumed orde one to A (CaCO3) 
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               so chemical reaction to solid face are: 
       rA1  =  1  dNB   = k''.CAs  ............(2.4) 
             S    dt  
• r of diffusion 
 When the diffusion happened in flux B, so that will be : 
      rA2 = 1  dNB = -D = (-CA1-CAs) 
     S    dt      ∆x 
      rA2 = k1(CA1-CAs)   ..............(2.5) 
• r ash condition particle shrinking 
      rA3 = 1  dNB  =  R         ..............(2.6) 
     S    dt       2De 
Because the ash layer is absent and dose not contribute any resistance, 
so that only two resistance gas film and surface reaction need to be considered 
and both of them changing exterior surface particle (Yagi and Kunii, 1995; 
Shen and Smith, 965; White and Carberry 1965). 
So, so that the r of reaction just considered by two reaction : rA1 and rA2. 
and at steady state condition, equation rA tot, rA1 and rA2, will be:  
 rA tot  =  rA1  = rA2 
 k1(CA1-CAs)  = k".CAs 
 CAs   = k1.CA1   ..........(2.6) 
                             k1 + k''      
(Levenspiel, 1976) 
2.2. Process Production 
Process of production of gypsum consists of three steps : 
2.2.1. Step of  Raw Material Preparation 
 Limestone is saved to storage with 150-200 mesh of size that 
obtained from resource (SL-01). Limestone is mixed by water at 
temperature 30ºC and pressure at 1 atm to obtained slurry concentrate (M-
01). Limestone through to the mixer using screw conveyor (SC-01), 
transported by bucket elevator (BE-01) and then accommodated in the 
hopper (H-01). In the hopper, limestone is inserted into mixer to obtained 




The sulfuric acid that has 98% of concentration is saved to 
storage tank (T-01) at 30ºC of temperature and pressure at 1 atm. Sulfuric 
acid is then pumped in the mixer (M-02) to diluted with water until 50% of 
concentration level. In the mixer is also added recycle product from the 
filter. 
2.2.2. Step of Product Formation 
This stage aims to form gypsum which is a reaction between 
limestone and sulfuric acid. The reactor used is Continues Stirred Tank 
Reactor (CSTR) that takes place continuously equipped with stirring to 
accelerate the reaction. Limestone enter in the reactor at 30 ºC and sulfuric 
acid from the mixer enter at 30 ºC of temperature and pressure at 1 atm. 
The reaction occurs in the reactor takes place at 1 atm of pressure and at 
93-95 ºC of temperature. 
The reaction that occurs in the reactor is an exothermic 
reaction, so the reactor is equipped with cooler (cooling jacket) so that the 
operating temperature is maintained. Water is used as a cooling medium 
with the entry temperature of 28°C. The product temperature that product 
out from reactor at 93-95ºC. 
Reaction that occur in the reactor to product of gypsum as 
follows: 
CaCO3+H2SO4+H2O→CaSO4.2H2O+H2O+CO2.  
In addition to produce calcium sulfate dehydrate (CaSO4.2H2O) 
also produces carbon dioxide gas (CO2). Gas CO2 come out from the 
reactor through in absorber (Ab) to decrease the amount of gas using 
sodium hydroxide solution. After that CO2 gas directly discharged into the 
environment. Slurry out of the reactor and then pumped to a filter press. 
2.2.3. Steps of Product Separation and  Purification. 
The separation steps aims to separate gypsum with water and 
sulfuric acid. This separation process using a type of filter press type drum 
(RDF). The out going of the filter that operates at 30 ºC of  temperature 
and pressure at 1 atm  is gypsum products as cake and sulfuric acid 
solution as a filtrate. 
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Gypsum cake carried out from filter then is streamed using 
screw conveyor (SC-02) to the dryer (RD) that operate at temperature of 
30ºC and a pressure of 1 atm so that will happen purification process, 
namely the process of spending the fluid content in the gypsum cake. 
Purification of gypsum cake process (CaSO4.2H2O) aims to raise the 
purity of gypsum cake (CaSO4.2H2O) resulting that produced by filter 
because the purity of gypsum cake is low and is not suitable with anyone 
in the market. Purification process using a rotary dryer is direct counter-
current type that the drying method using a blast of hot air as the heating 
medium. Product output from rotary dryer that had level 97% of 
CaSO4.2H2O was already on the market. The level of CaSO4.2H2O that 
have present on the market is 91-92%.  
To homogenize the size of the product, gypsum is crushed by 
crusher/milling (BM) and then screened by screener (VS). The product 
that not through in the screen will returned to crusher/milling machine 
again to reprocessing of product size. Then lifted the product using  bucket 
elevator transported in the silo tank to temporary accommodate gypsum 
product. The resulting filtrate from filter are water, sulfuric acid, and some 
components of gypsum cake that will recycled. 
      Gypsum product is saving in silo tank that ranging between 10-
50 kg depending on cement factory. Silo tank is placed location to prevent 
damage from weather and air to minimize contact premises which can 
reduce absorption capability. 
 
3. RESULT AND DISCUSSION 
3.1 Result 
3.1.1. Specification Main Equipment 
a. Mixer 01 
- Code   : M-01 
- Type   : Vertical closed cylinder tank. 
- Material    : Stainless Steel Construction 
- Dimension of mixer : 
• Volume  : 6.25 m3 
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• Diameter, Height : 1.973 m, 2.803 m 
• Thicknees  : 0.1875 inch = 0.047625 m 
- Dimension of head : 
• Type   : Torispherical 
• Thickness, Height : 0.25 inch = 0.0635 m,  
    0.41553 m. 
- Dimension of bottom: 
• Type   : Conical 
• Thickness  : 0.1875 inch = 0.047625 m  
- Stirrer   : 
• Type   : Flat blade turbine with six (6)  
• Diameter, Height : 0.6604 m, 0.13028 m 
• Width, Distance : 0.13028 m, 0.859 m 
• Width of bufffle : 0.1123 m 
• Velocity, Power :  120 rpm, 5 Hp 
b. Mixer- 02 
- Code   : M-02 
- Type   : Verticall closed cylinder tank. 
- Material    : Carbon Steel SA-283  
- Dimensionf of mixer : 
• Volume  : 2.436 m3 
• Diameter, Height : 1.362 m, 2.349 m 
• Thicknees  : 0.1875 inch  = 0.047625 m  
- Dimension of head : 
• Type   : Torispherical 
• Thickness, Height :           0.1875 inch= 0.047625 m  
    0.4155 m. 
- Dimension of bottom : 
• Type   : Torispherical 
• Thickness  : 0.1875 inch = 0.047625 m  
- Stirrer   : 
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• Type   : Flat blade turbine with six (6)  
• Diameter, Height : 0.454 m, 0.091 m 
• Width, Distance : 0.091 m, 0.590 m. 
• Width of bufffle : 0.077 m 
• Velocity, Power : 210 rpm, 7.5 Hp 
c. Reactor 
- Code   : R 
- Type   : CSTR  
- Material    : Stainless Steel 
- Dimension of reactor: 
• Volume  : 30.449 m3 
• Diameter, Height : 3.496 m,  5.954 m 
• Thicknees  : 0.1875 inch  = 0.047625 m  
- Dimension of head : 
• Type   : Torispherical 
• Thickness, Height : 0.5 inch = 0.0127 m, 0.701 m 
- Dimension of bottom : 
• Type   : Conical 
• Thickness  : 0.3125 inch = 0.0079375 m 
- Stirrer   : 
• Type   : Flat blade turbine with six (6)  
• Diameter, Height  : 1.165 m, 0.233 m 
• Width, Distance : 0.233 m, 1.515 m  
• Width of bufffle : 0.198 m 
• Velocity, Power : 75 rpm, 100 Hp 
d. Absorber 
- Code   : AD 
- Type   : Packed Tower 
- Material   : Stainless Steel  
- Dimension  :  
• Volume  : 2.095 m3 
11 
 
• Diameter  : 1.249 m 
• Total height  : 1.562 m 
• Thickness of shell : 0.1875 inch = 0.047625 m 
• Thickness of head : 0.1875 inch  = 0.047625 m 
e. Rotary Drum Filter 
- Code                      :  RDF 
- Type   :  Rotary Drum Filter 
- Ammount  :  1 
- Material    : Stainless Stell 
- Dimension 
• Diameter, Length :  2.4384 m, 4.877 m   
• Large of drum :  36.91 m2 
• Ammount of cycle :  50.975 cycle/hours 
• Velocity   : 0.85 rpm 
• Power of motor :  75 HP 
• In put pipe  :  1.32 in = 0.033528 m 
f. Rotary Dryer  
- Code     :  RD 
- Type     : Drum direct contact counter  
    current. 
- Material     : Stainless Steel 304. 
- Dimension   :  
• Length, Diameter :  14 m, 2.895 m  
• Velocity of cycle : 2.682 rpm 
• Slope   : 0.0084 m/m 
• Residence time : 0.3 hours 
• Power  : 200 HP 
g. Ball Mill 
- Code   : BM 
- Type   : Cylindar Ball Mill 
- Material   : Commercial Steel 
- Dimension  : 
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• Volume  : 32.564 m3 
• Length, Diamter : 4.8 m, 2.4 m 
• Power  : 25 HP 
h. Vibrating Screen 
- Code   : VS 
- Type   : Double Deck 
- Material   : Carbon Steel 
- Capacity   : 522.729 tons/day 
- Dimension  :  
• Large area  : 90 ft2  = 8.3613 m2 
• Length, Width : 1.83 m, 4.572 m 
• Velocity, Power : 3,600 vibration/minute, 4 HP 
 
3.1.2. Economic Analysis 
  At this plant design of gypsum using limestone and sulfuric acid, 
we carried out the investment evaluation to know whether the plant design 
available or not. From economic analysis this plant shows profit before 
and after tax is Rp 780,529,055,232 and Rp 546,370,338,662. Return on 
Investment (ROI) before and after tax is 65% and 46%. Pay Out Time 
(POT) before and after tax during 1.33 year and 1.79 yeaR. Break Even 
Point (BEP) as 49.97%, Shut Down Point (SDP) as 34.48%, Internal Ret 
Return (i) from Discounted Cash Flow (DCF) equation obtained as 43%.  
Table 3. Economic Analysis and Limitation Value 
No. Explanation Calculation  Limitation Value 
1. Return On Investment (%ROI)     
  ROI before tax 38,08% Min 11% 
  ROI after tax 28,56% (Low risk) 
2. Pay Out Time (POT)     
  POT before tax 1.33 year Max 5 year 
  POT after tax 1.79 year (Low risk) 
3. Break Even Point (BEP) 49.97% 40 – 60% 
4. Shut Down Point (SDP) 34.48%   
5. Internal Ret Return (IRR) 43%. Min 20-25% (credit) 
      
 















































Figure 3. Economic Analysis 
 
3.2. Discussion 
The production of gyspum using limestone and sulfuric acid can 
product at temperature 95OC and pressure 1 atm in Continiues Stirred Tank 
Reactor with three steps are raw material preparation like limestone and 
sulfuric acid, product formation of gypsum, and product separation and 
purification of gypsum.  In three steps production of gypsum that we use the 
main equipment such as product gypsum consist of mixer, reactor, absorber, 
rotary drum filter, rotary dryer, ball mill and vibrating screen. 
From economic analysis Break Event Point (BEP) obtained in the 
range minimum of limitation that permitted. If we seen  the calculation of 
equipments is relative so big, so that BEP value laeanig to maksimum 
limitation  (60% above). But, the calculation show that BEP influence to the 
price of product is bigger than raw material, so that if the differnce was high 
so the value of  BEP would be low. Conversly, the value of ROI would be 
high together with decreasing value of BEP.  If we seen from POT, so the 





4.1. Gypsum can product from limestone and sulfuric acid at temperature 
95oC  and pressure 1 atm in Continues Stirrer Tank Reactor (CSTR). 
4.2. The  production of gypsum consists of three steps are  raw material 
preparation product formation, and product separation and purification 
of gypsum. 
4.3. Economic analysis of gypsum can calculated are Return on Investment 
(ROI) before and after tax are 65% and 46%, Pay Out Time (POT) 
before and after tax during 1.33 year and 1.79 year, Break Even Point 
(BEP) as 49.97%, Shut Down Point (SDP) as 34.48%, and Internal Ret 
Return (i) from Discounted Cash Flow (DCF) equation obtained as 43% 
4.4. According to data and the economic analysis above,  we can resume 
that production of gypsum using limestone and sulfuric acid with 
capacity 150, 000 tons/year is apropriate to esthablished 
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